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(57) ABSTRACT

An intelligent mobile transponder determines an optimal
position to relay signals with respect to multiple users based
on a comparison of the signal characteristics of all the users.
An intelligent transponder communication system includes a
first communication module to transmit a first communica-
tion signal at a first direction. The first communication signal
has at least one first signal characteristic. A second commu-
nication module is configured to transmit a second commu-
nication signal at a second direction. The second communi-
cation signal has at least one second signal characteristic
different from the at least one first signal characteristic. The
intelligent mobile transponder is further configured to auto-
matically self-locate to the optimal position to relay the com-
munication signals between the multiple users.

20 Claims, 6 Drawing Sheets




U.S. Patent Nov. 3, 2015 Sheet 1 of 6 US 9,179,393 B2

102

102

102

2
FIG. 1

AB 2
By
L

3

\
102




US 9,179,393 B2

Sheet 2 of 6

Nov. 3, 2015

U.S. Patent

)

a0 ol
M TN ==
(r\\ ﬂ" STNOIS 0 ONIAYTRY | m ﬂ

(Q 7 wiiebismilio ™=
Mo} =d \ﬂ é ,,,, w_: wf % \\,Mgm-a
SN \K,r ) - ,,,, f(( ; o
W\\V. .ﬁ\’\\f\.\/\)\ {W»/ r\\/ /\!/ QQ
R T
> _ N/\\/ ?\/;/\\\V)/l\ -
‘ - J
\H = o 4 0 A E N P
o C R 00




U.S. Patent Nov. 3, 2015 Sheet 3 of 6 US 9,179,393 B2

\ 5

v T i
R R
e | o =

=
./é;j
o i
~_
SN
e
N3
FIG. 2B




US 9,179,393 B2

Sheet 4 of 6

Nov. 3, 2015

U.S. Patent

-
JOSEPI0

-

B0

¥ 'Old

/Sm

06 — |

90€ — |

-
00% \ BLUSHAY
T sinpow SNpoy
uoneBineN 101600 /
- sinpopy sinpop
ORUST LORBDUILILIOTY

b



US 9,179,393 B2

Sheet 5 of 6

Nov. 3, 2015

U.S. Patent

1S 9
NOILISOd TYWILdO
210 ] 01 31v00T413S
NOILISOd
01G _— TYWILAO ANINHI LA

13A37 HIMOd ANODIS
WNOH4 INJH344id
J3A3T H3IMOJ LSHI

809

!

STVYNDIS ONINOONI 40
13A37 H3IMOd FHVdNOD

909

g Dl

31N0Yd IN3HHND
ONOTV ONITIAVHL 3NNILNOD

709

¢03103130 STVNOIS
ONINOONI 34V




US 9,179,393 B2

Sheet 6 of 6

Nov. 3, 2015

U.S. Patent

9 DI

709

NOLLYHIdO OL NdNL3Y ¢Q3LYNINEIL

%)

INOZ TYNOILLYHIdO NIHLIM
NOILISOd TVINILJO OL FAON

\

019

NOILISOd
TYNILAO 3LNNOD

809 A

¢AITvA
STYNOIS

909

STYNOIS JAIF03Y

709

aNOZ
TYNOILYH3dO NI 13AVHL

c09

1dv1S
009



US 9,179,393 B2

1
INTELLIGENT COMMUNICATION MOBILE
TRANSPONDER

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a non-provisional application of U.S.
Provisional Patent Application Ser. No. 61/817,086, filed Apr.
29,2013, the disclosure of which is incorporated by reference
herein in its entirety.

BACKGROUND

The present disclosure relates generally to RF communi-
cation, and more particularly, an intelligent mobile transpon-
der to enhance RF communication.

Satellite transponders for military and/or commercial use
are oversubscribed and expensive to put in place and main-
tain. Current RF transponders lack intelligence. Users of low
power transmitters must therefore communicate with non-
intelligent transponders that cannot move.

SUMMARY

An intelligent mobile transponder communication system
comprises an intelligent mobile transponder. The intelligent
mobile transponder communications module includes a com-
munications module, a navigation module and a control mod-
ule on board a controllable mobile vehicle. The intelligent
mobile transponder is configured to relay communication
signals between multiple devices using multiple frequency
bands (e.g., uplink and downlink frequency bands). The fre-
quency bands can be communicated along many communi-
cations channels. The intelligent mobile transponder receives
on the uplink channel and transmits on the downlink channel,
for example. Communication devices such as a radio, for
example, can transmit data to the intelligent mobile transpon-
der via the uplink channel, and receive data from the intelli-
gent mobile transponder via the downlink channel. The com-
munications module examines the signals being received and
reports their characteristics to the control module. Typical
characteristics include, but are not limited to, signal power
and phase shift. The control module determines the optimal
position to relay one or more of the signals based on all the
valid signals being received and notifies the navigation mod-
ule of the optimal position. The navigation module deter-
mines if the vehicle can move to the optimal position and will
either move the vehicle to that location or to a location within
prescribed travel limits that is close to the optimal position.

According to an embodiment, an intelligent mobile tran-
sponder is configured to receive a first communication signal
from at least one first communication module and a second
communication signal from at least one second communica-
tion module. The at least one first communication module
transmits the first communication signal in a first plurality of
directions and has at least one first signal characteristic. The
at least one second communication module transmits a sec-
ond communication signal in a second plurality of directions
and has atleast one second signal characteristic different from
the at least one first signal characteristic. The intelligent
mobile transponder is configured to determine an optimal
position with respect to the first and second directions based
on a comparison between the at least one first signal charac-
teristic and the at least one second signal characteristic. The
intelligent mobile transponder further automatically self-lo-
cates to the optimal position to relay the first and second
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communication signals to the at least one first communication
module and the at least one second communication module.

According to another exemplary embodiment, a transpon-
der module included in an intelligent mobile transponder
comprises a communication module, a signal characteristic
processing module, and a control module. The communica-
tion module is configured to receive a first incoming commu-
nication signal from at least one first communication module
and a second incoming communication signal from at least
one second communication module. The signal characteristic
processing module is in electrical communication with the
communication module, and is configured to determine a first
primary direction of the first incoming communication signal
and a second primary direction of the second incoming com-
munication signal. The communication module is further
configured to determine at least one first signal characteristic
of the first incoming communication signal and at least one
second signal characteristic of the second incoming commu-
nication signal. The control module is in electrical commu-
nication with the signal characteristic processing module, and
is configured to determine an optimal position of the intelli-
gent mobile transponder for relaying the received communi-
cation signals based on the first and second primary directions
and the at least one first and second signal characteristics.
Since transponders typically have multiple communications
channels, the case may be extended to multiple transmitters in
that the intelligent mobile transponder will determine the
location or flight area that best serves all the signals.

According to another exemplary embodiment, a method of
relaying communication signals via an intelligent mobile
transponder comprises receiving from at least one first com-
munication module a first incoming communication signal
having at least one first signal characteristic received from at
least one first direction, and receiving from at least one second
communication module a second incoming communication
signal having at least one second signal characteristic
received from at least one second direction that is different
from the first direction. The method further includes deter-
mining an optimal position with respect to the first and second
directions based on a comparison between the at least one first
signal characteristic and the at least one second signal char-
acteristic. The method further includes automatically locat-
ing the intelligent mobile transponder to the optimal position
to relay the first and second communication signals to the at
least one first communication module and the at least one
second communication module.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

For a more complete understanding of this disclosure, ref-
erence is now made to the following brief description, taken
in connection with the accompanying drawings and detailed
description, wherein like reference numerals represent like
parts:

FIG. 1 illustrates an exemplary intelligent mobile tran-
sponder communication system including an intelligent
mobile transponder configured to self-locate to an optimal
position for relaying communication signals between a plu-
rality of communication modules;

FIG. 2A illustrates an intelligent mobile transponder
located at an initial position while receiving first and second
communication signals from respective communication
modules according to an exemplary embodiment;

FIG. 2B illustrates the intelligent mobile transponder of
FIG. 2A after self-locating to an optimal position for relaying
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the communication signals in response to comparing the sig-
nal characteristics and directions of the first and second com-
munication signals;

FIG. 3 is ablock diagram illustrating a transponder module
according to an exemplary embodiment;

FIG. 4 is ablock diagram illustrating a signal characteristic
processing module according to an exemplary embodiment;

FIG. 5 is a flow diagram illustrating a method of self-
locating a mobile transponder to an optimal position based on
signal characteristics and directions of received communica-
tion signals according to an exemplary embodiment; and

FIG. 6 is a flow diagram illustrating a method of self-
locating a mobile transponder to an optimal position based on
signal characteristics and directions of received communica-
tion signals according to another exemplary embodiment.

DETAILED DESCRIPTION

It will be appreciated that for simplicity and clarity of
illustration, where appropriate, reference numerals have been
repeated among the different figures to indicate correspond-
ing or analogous elements. In addition, numerous specific
details are set forth in order to provide a thorough understand-
ing of the embodiments described herein. However, it will be
understood by those of ordinary skill in the art that the
embodiments described herein can be practiced without these
specific details. In other instances, methods, procedures and
components have not been described in detail so as not to
obscure the related relevant feature(s) being described. Also,
the description is not to be considered as limiting the scope of
the embodiments described herein.

Exemplary embodiments are described for providing an
intelligent mobile transponder that receives a plurality of
communication signals generated by respective communica-
tion modules. The intelligent mobile transponder determines
a direction of one or more communication signals generated
by a plurality of communication modules and one or more
signal characteristics of each communication signal. An opti-
mal location for transponding and/or relaying one or more of
the communication signals between a plurality of communi-
cation modules is determined by the intelligent mobile tran-
sponder based on the signal characteristics and the direction
of the signals. The intelligent mobile transponder is further
configured to automatically adjust a traversed route, such as a
travelling path, and self-locate to the optimal location to
enhance communications between the communication mod-
ules.

Referring to FIG. 1, an intelligent mobile transponder sys-
tem 100 is illustrated according to an exemplary embodiment.
The intelligent mobile transponder system 100 includes one
or more communication modules 102, and an intelligent
mobile transponder 104. The communication modules 102
include, but are not limited to, a base station, an aerial com-
munication module, a mobile land-based communication
module, and a mobile communication module capable of
being carried by a human.

The intelligent mobile transponder 104 is configured to
travel along one or more travel patterns or routes of a traveling
zone. The intelligent mobile transponder 104 includes, but is
not limited to, an unmanned aerial vehicle (UAV), an
unmanned land vehicle (ULV) an unmanned naval vehicle
(UNV), a steerable lighter than air (LTA) vehicle, and a
robotic apparatus.

The intelligent mobile transponder 104 includes a signal
detector, such as an antenna for example, to receive and/or
transmit one or more communication signals output from a
respective communication module 102. The intelligent
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mobile transponder 104 can process the communication sig-
nals according to a wide variety of non-limiting applications.
For example, the intelligent mobile transponder 104 can
receive a communication signal at one frequency and re-
transmit the received communication signal at another fre-
quency. According to another exemplary embodiment, the
intelligent mobile transponder 104 can operate as a repeater
that receives and re-transmits a communication signal gener-
ated from a communication module 102 at a common fre-
quency.

The antenna can be constructed as a directional array
antenna having one or more individual antennas. The antenna
is configured to distinguish between directions of the incom-
ing communication signals. In this manner, the antenna can
determine the primary direction of one or more incoming
signals. Although the intelligent mobile transponder 104 is
described as processing communication signals such as, for
example, radio frequency (RF) signals, it is appreciated that
the intelligent mobile transponder 104 can be configured as
an optical relay for relaying optical signals without departing
from the scope of the invention.

According to an embodiment, the intelligent mobile tran-
sponder 104 is configured to provide secure and/or encrypted
communications. The intelligent mobile transponder 104 can
also include radio jamming capabilities as understood by one
of ordinary skill in the art. In addition, the intelligent mobile
transponder 104 can also distinguish between authorized
incoming signals and unauthorized incoming signals, and
continue to process the authorized signals while disregarding
the unauthorized signals. The authorized signals can be deter-
mined according to various signal encryption/decryption
methods. The flight pattern of the intelligent mobile transpon-
der 104 can also be secure so as to make it difficult to deter-
mine the locations of one or more communications modules
102 generating the communication signals to be relayed.

In at least one embodiment, the intelligent mobile tran-
sponder 104 is provided as UAV that includes the various
modules and systems described above. The UAV can be pro-
vided, for example, as a Predator type drone or Global Hawk
type. The drone UAV is powered, for example, by one or more
propellers or may be jet driven, and can be navigated by
autonomous intelligence. In one embodiment, the drone UAV
is controlled remotely by a user where the signal character-
istics of one or more incoming signals are conveyed to an
operator.

In another exemplary embodiment, the intelligent mobile
transponder 104 is installed on a watercraft. The mobile tran-
sponder 104 can be located between a vessel located far
off-shore and personnel located on land. Accordingly, the
vessel can maintain a safer location away from the shoreline,
while the mobile transponder 104 is located closer to the
shoreline to relay communication signals.

In another exemplary embodiment, the intelligent mobile
transponder 104 is configured as a repeater, which is disposed
on a robotic vehicle. The robotic vehicle can travel freely to
extend “Wi-Fi” communications between the base stationand
users with smart phones or laptops.

In another exemplary embodiment, the intelligent mobile
transponder 104 can also be disposed on a robotic vehicle and
then self-locate to extend communications between multiple
teams performing ground maneuvers (i.e., search, rescue,
defensive, or offensive) and a command location.

Referring to FIGS. 2A and 2B, an intelligent mobile tran-
sponder 104 that automatically self-locates to an optimal
location 103 to relay communications between a first com-
munication module 1024 and a second communication mod-
ule 1025 is illustrated according to an exemplary embodi-
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ment. Although two communication modules 102a and 1026
are illustrated, it is appreciate that the intelligent mobile tran-
sponder 104 can communication with more than two com-
munication modules. In FIG. 2A, the intelligent mobile tran-
sponder 104 is shown at an initial position 101 when it
receives a first incoming communication signal from a first
communication module 102a and a second incoming com-
munication signal from a second communication module
1024. The first and second incoming communication signals
from the first and second communication modules 1024/1025
include, for example, RF signals. The signal characteristics
include, for example, a power level of the respective commu-
nication signal.

According to a non-limiting example shown in FIG. 2A,
the intelligent mobile transponder 104 determines that the
first incoming communication signal has a power level 0of 250
Watts (W) and the second incoming RF signal has a power
level of 10 W. The intelligent mobile transponder 104 also
determines that the first communication signal originated
from a south westerly direction, for example, while the sec-
ond communication signal originated from a south easterly
direction, for example. The intelligent mobile transponder
104 is configured to compare the power levels of the first and
second communication signals to determine a weak commu-
nication module (e.g., 1024) that requires additional
resources (e.g., power) to communicate with one or more of
the remaining communication modules (e.g., 102a). In
another embodiment, the difference between the first RF
power level and the second RF power level is compared to a
threshold value. If the difference exceeds the threshold value,
first and second RF power levels are determined to be unbal-
anced. In addition, the intelligent mobile transponder 104
determines an optimal position 103 that enhances communi-
cation between the first communication module 102a and the
second communication module 1026 based on the primary
direction of the first and second communication signals. The
optimal position 103 includes, for example, a location
between the first communication module 1024 and the second
communication module 1025, while also being closer to weak
communication module 1025. In this manner the first and
second RF power levels can be balanced with respect to one
another.

Referring now to FIG. 2A, the intelligent mobile transpon-
der 104 automatically changes travel direction in response to
the comparison between the power levels of the communica-
tions signals and self-locates toward the optimal position 103.
According to an embodiment, the intelligent mobile intelli-
gent transponder 104 automatically self-locates to the opti-
mal position 103 in response to determining that the second
communication module 1026 has a decreased power level
with respect to the first communication module 102a, without
requiring manual intervention or control. Once reaching the
optimal position 103, the intelligent mobile transponder 104
can continue traveling toward the second communication
module 1025 having the decreased power level (e.g., the weak
communication module 1025) to bolster the signal commu-
nication resources of the second communication module
1024. In this manner, the power levels of the first and second
incoming communication signals are balanced with respect to
one another. Once the power levels are balanced, the intelli-
gent mobile transponder 104 can continuously compare the
power levels of the first and second communication signals
and automatically navigate itself to substantially maintain the
optimal position 103 such that the first communication signal
and the second communication signal remain balanced.
Accordingly, at least one exemplary embodiments described
above allows the intelligent mobile transponder 104 to self-
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relocate to provide additional bandwidth and/or power to the
weak communication module 1025.

Turning now to FIG. 3, a transponder module 300 included
in an intelligent mobile transponder 104 is illustrated accord-
ing to an exemplary embodiment. The transponder module
300 includes a navigation module 302, an on-board commu-
nication module 304, a sensor module 306, and a control
module 308. The communication module 304 further
includes a signal characteristic processing module 310,
which is described in greater detail below. In at least one
embodiment the transponder module 300 and the sub-module
are electronic computer hardware modules. Each of the mod-
ules 302-310 included in the transponder 300 can electrically
communicate with one another to share various calculations
and data. A feedback loop is generated between one or more
of the modules 302-310 included in the transponder module
300 to allow the intelligent mobile transponder 104 to con-
tinuously analyze the characteristics of the incoming signals
and autonomously adjust the traveling position, i.e., self-
locate to the optimal position 103, which best relays commu-
nication signals between the communication modules.

The navigation module 302 is configured to generate and
control a navigation system of the intelligent mobile tran-
sponder 104. The navigation system allows the intelligent
mobile transponder 104 to autonomously (i.e., without
manual control) adjust the traveling path, i.e., self-locate. In at
least one embodiment, the traveling pattern (i.e., route) is
automatically adjusted. The navigation module 302 can also
determine various parameters of the travel path of the intel-
ligent mobile transponder 104 including, but not limited to,
direction, speed, acceleration, altitude and heading. The navi-
gation module 302 is further configured to define an opera-
tional flight zone contained within the area of the plurality of
communication modules. In this manner, the flight zone
defined by the plurality of communication modules acts as
sub-zone within the operational flight zone. The operation
flight zone, however, restricts the intelligent mobile transpon-
der 104 from venturing into undesired flight zones, despite
the existence of a more optimal position.

The on-board communication module 304 is configured to
receive and/or transmit one or more communication signals.
For example, the on-board communication module 304 can
receive an incoming communication signal from a first com-
munication module and re-transmit the communication sig-
nal to a second communication module. In this manner, the
incoming communication can be relayed to enhance commu-
nication between the first and second communication mod-
ules.

The signal characteristic processing module 310 included
with the on-board communication module 304 is configured
to sense and characterize one or more the incoming commu-
nication signals as discussed in greater detail below. In an
exemplary embodiment, the on-board communication mod-
ule 304 enables the intelligent mobile transponder 104 to
transmit and/or receive information with a remote site, satel-
lite links, wireless links, etc. In addition, the intelligent
mobile transponder 104 can communicate with aircraft,
ships, land vehicles, base units, etc. It is understood that the
intelligent mobile transponder 104 can communicate using
any suitable channel.

In an exemplary embodiment, the on-board communica-
tion module 304 enables the intelligent mobile transponder
104 to transmit and/or receive information with a remote site.
Satellite links, wireless links, etc. can communicate the infor-
mation. The intelligent mobile transponder 104 can also relay
an incoming RF signal from a first destination to a second
destination located a distance away from the first destination.
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The sensor module 306 includes a variety of sensors and
equipment to obtain data, such as images, pressure, sound,
humidity, height, altitude, audio/video, etc. According to an
embodiment, the sensor module 306 is utilized to autono-
mously control the intelligent mobile transponder 104 to
travel according to various desired parameters including, but
not limited to, altitude, speed, acceleration, direction and
location.

The control module 308 electrically communicates with
the navigation module 302 to provide overall control of the
intelligent mobile transponder 104. The on-board communi-
cation module 304 enables the intelligent mobile transponder
104 to communicate with one or more systems via wireless
link, for example. In at least one embodiment, a ground sys-
tem includes a navigational system. The navigation system
can communicate parameters to the intelligent mobile tran-
sponder 104 via the on-board communication module 304
such that a travel path is autonomously controlled by the
control module 308 ofthe intelligent mobile transponder 104.
In an exemplary embodiment, a user can have access to infor-
mation of the intelligent mobile transponder 104.

The control module 308 is also in electrical communica-
tion with the on-board communication module 304 to receive
the signal characteristics and determine whether one or more
of incoming communication signals are balanced with
respect to one another. For example, the control module 308
compares the power levels of the first and second communi-
cation signals to determine a weak communication module
(e.g., 1025) that requires additional resources (e.g., power) to
communicate with one or more of the remaining communi-
cation modules (e.g., 102a). In another embodiment, the dif-
ference between the first RF power level and the second RF
power level is compared to a threshold value. If the difference
exceeds the threshold value, the first and second RF power
levels are determined to be unbalanced.

The control module 308 also receives the directional infor-
mation of the incoming communication signals from the on-
board communication module 304. Based on the comparison
of RF power levels and the directional information of the
incoming communication signals, the control module 308
determines the optimal position 103. In response to determin-
ing the optimal position 103, the control module 308 gener-
ates a control signal that commands the navigation unit 302 to
locate the intelligent mobile transponder 104 to the optimal
position 103. In this manner, the intelligent mobile transpon-
der 104 automatically self-locates to the optimal position 103
without requiring manual intervention or control.

Referring now to FIG. 4, a block diagram illustrating a
signal processing module 310 included in the communication
module 304 is illustrated according to an exemplary embodi-
ment. Although the signal processing module 310 is illus-
trated, it is appreciated that the signal processing module 310
can be included in another module such as, for example the
sensor module 306, without departing from the scope of the
invention. The signal processing module 310 includes an
antenna module 400, a receiver module 402 and a processor
module 404.

The antenna module 400 includes one or more antennas to
receive and/or transmit energy to and/or from the receive
module 402. The antenna module 400 can include a direc-
tional or phased array antenna that is configured to detect one
or more signals in all directions with respect to the intelligent
mobile transponder 104, and at all times. According to an
embodiment, the antenna module 400 includes a directional
antenna array comprising a plurality of antenna elements
configured to sense a primary direction of one or more incom-
ing communication signals.
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The processor module 406 processes one or more incom-
ing communication signals received by the antenna module
406. According to an embodiment, the processor module 406
is configured to generate one or more vectors to be analyzed.
The processor module 406 is also configured to determine
various signal characteristics including, but not limited to, RF
signature, signal quality, signal power level, signal frequency,
and/or signal direction. According to an embodiment, a root-
mean-square algorithm is executed to determine one or more
signal characteristics such as the RF power level, for example,
of one or more incoming signals. The processor module 406
can also determine various other suitable signal frequencies
and signal processing techniques as understood by one of
ordinary skill in the art. In addition, (for example when the
transponder is acting as a supplement or alternative to a sat-
ellite communication (SATCOM) transponder) the processor
module 406 can delay processing one or more signals a pre-
determined amount of time (e.g., to simulate the time a signal
may normally take to travel to the satellite and back) The
delay can range, for example, from approximately 200 milli-
seconds (ms) to approximately 800 ms.

Referring now to FIG. 5, a flow diagram illustrates a
method of self-locating a mobile transponder to an optimal
position based on signal characteristics and directions of
received communication signals according to an exemplary
embodiment. The method begins at operation 500 and pro-
ceeds to operation 502 to determine whether incoming com-
munication signals are detected. If incoming communication
signals are not detected, the intelligent mobile transponder
maintains the initial position or traveling route at operation
504, and the method returns to operation 502 to continue
monitoring for incoming communication signals. If, how-
ever, incoming communication signals are detected, the sig-
nal characteristics of the incoming signals are compared to
one another. According to at least one embodiment, a first RF
power level of a first incoming communication signal is com-
pared to a second RF power level of a second incoming
communication signal at operation 508. At operation 510, an
optimal position for enhancing communication between
communication modules is determined. The optimal position
is determined based on, for example, the comparison of the
RF power levels and the primary directions of the incoming
communication signals. At operation 512, the intelligent
mobile transponder autonomously self-locates to the optimal
position and the method ends at operation 514. According to
another embodiment, the method returns to operation 506
after self-locating to the optimal position at operation 512 and
continues to compare the RF power levels. In this manner, the
intelligent mobile transponder can remain within the optimal
location or adjust the optimal position if the RF levels of the
communication modules change.

Referring now to FIG. 6, a flow diagram illustrates a
method of controlling an intelligent mobile transponder
according to an exemplary embodiment. The method begins
at operation 600, and at operation 602 the intelligent mobile
transponder is determined to be traveling in an initial posi-
tion. At operation 604, one or more signals are received by the
intelligent mobile transponder. At operation 606, the intelli-
gent mobile transponder determines whether one or more of
the received signals are valid. If one or more of the received
signals are invalid, the intelligent mobile transponder disre-
gards the invalid signals and returns to operation 602. If,
however, one or more of the signals are determined to be valid
atoperation 606, the intelligent mobile transponder computes
an optimal position based on the valid signals at operation
608. The optimal position is based on the characteristics and
directions of the received signals, for example. It is appreci-
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ated that if the intelligent mobile transponder receives a plu-
rality of signals, some signals may be determined to invalid,
while other signals may be determined to be valid. In this
manner, the intelligent mobile transponder may disregard the
invalid signals, while determining an optimal position based
on the valid signals.

Turning now to operation 610, the intelligent mobile tran-
sponder self-locates to the optimal position. The intelligent
mobile transponder can maintain the new travelling route that
includes the optimal position in order to relay signals between
a plurality of communication modules. At operation 612, the
intelligent mobile transponder determines whether the trav-
elling route is terminated. If the travelling route is not termi-
nated, method returns to operation 604 and continues receiv-
ing signals. If the method is terminated, however, the method
ends at operation 614. It is appreciated that the intelligent
mobile transponder may determine whether the travelling
route has terminated following any of the operations 602-612
described above.

As described above, the intelligent mobile transponder 104
is configured to be autonomous with a system that distin-
guishes between one or more incoming signals, such as an RF
signal. In this manner, the intelligent mobile transponder 104
automatically adjusts a traveling path based on the signal
characteristics of the incoming signals and the directions of
the incoming communication signals. In at least one embodi-
ment, one or more signal characteristics of a first incoming
communication signal are compared to one or more signal
characteristics of a second incoming communication signal.
Based on the comparison, the intelligent mobile transponder
104 automatically adjusts the traveling path, i.e., self-adjusts,
to improve the signal communication of the one or more
incoming signals. In at least one embodiment, the signal
communication is improved by adjusting the traveling path to
increase the signal strength of one or more received incoming
signals. In another embodiment, the signal communication is
improved by balancing the signal strength among a plurality
of incoming signals. For example, the traveling path is
adjusted by autonomously controlling the intelligent mobile
transponder 104 to self-locate to the optimal position 103, and
can continue traveling in the direction of an incoming signal
having the lowest power signal among the incoming commu-
nication signals. In this manner, communication resources of
one or more weak communication modules can be bolstered
such that communication between a plurality of communica-
tion modules can be enhanced.

While the disclosure has been described with reference to
a preferred embodiment or embodiments, it will be under-
stood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof
without departing from the scope of the disclosure. In addi-
tion, many modifications may be made to adapt a particular
situation or material to the teachings of the disclosure without
departing from the essential scope thereof. Therefore, it is
intended that the disclosure not be limited to the particular
embodiment disclosed as the best mode contemplated for
carrying out this disclosure, but that the disclosure will
include all embodiments falling within the scope of the
appended claims.

What is claimed is:
1. An intelligent mobile transponder communication sys-
tem, comprising:
an intelligent mobile transponder configured to:
receive a first communication signal from at least one
first communication module, the at least one first
communication module configured to transmit a first
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communication signal in a first plurality of directions,
the first communication signal having at least one first
signal characteristic;

receive second communication signal from at least one
second communication module, the at least one sec-
ond communication module configured to transmit a
second communication signal in a second plurality of
directions, the second communication signal having
atleast one second signal characteristic different from
the at least one first signal characteristic; and

to determine an optimal position with respect to the first
and second directions based on a comparison between
the at least one first signal characteristic and the at
least one second signal characteristic, wherein the
intelligent mobile transponder automatically self-lo-
cates to the optimal position to relay the first and
second communication signals to the at least one first
communication module and the at least one and sec-
ond communication module.

2. The intelligent transponder communication system of
claim 1, wherein the first signal characteristic is a first RF
power level and the second signal characteristic is a second
RF power level that is less than the first RF power level.

3. The intelligent transponder communication system of
claim 2, wherein the intelligent mobile transponder locates
closer to the at least one second communication module such
that the power levels of the first and second communication
signals are balanced with respect to one another.

4. The intelligent transponder communication system of
claim 3, wherein the intelligent mobile transponder continu-
ously compares the first and second RF power levels and
automatically controls navigation to maintain the optimal
position such that the signals remain balanced.

5. The intelligent transponder communication system of
claim 4, wherein the intelligent mobile transponder includes
a directional antenna configured to determine a primary
direction of the first and second communication signals with
respect to the intelligent mobile transponder.

6. The intelligent transponder communication system of
claim 5, wherein the intelligent mobile transponder is an
unmanned vehicle.

7. The intelligent transponder communication system of
claim 6, wherein the intelligent mobile transponder deter-
mines the RF power levels according to a root-mean-square
algorithm.

8. A transponder module included in an intelligent mobile
transponder, the transponder module comprising:

an on-board communication module configured to receive
a first incoming communication signal from at least one
first communication module and a second incoming
communication signal from at least one second commu-
nication module;

a signal characteristic processing module in electrical com-
munication with the on-board communication module,
the signal characteristic processing module configured
to determine a first primary direction of the first incom-
ing communication signal and a second primary direc-
tion of the second incoming communication signal, and
configured to determine at least one first signal charac-
teristic of the first incoming communication signal and
at least one second signal characteristic of the second
incoming communication signal; and

a control module in electrical communication with the
signal characteristic processing module, the control
module configured to determine an optimal position of
the intelligent mobile transponder based on the first and
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second primary directions and the at least one first and
second signal characteristics.

9. The transponder module of claim 8, wherein the control
module compares the at least one first signal characteristic
with the at least one second signal characteristic, and deter-
mines the optimal position based on the comparison.

10. The transponder module of claim 9, further comprising
a navigation module configured to control the position of the
intelligent mobile transponder, wherein the control module
commands the navigation module to position the intelligent
mobile transponder at the optimal position.

11. The transponder module of claim 10, wherein the signal
characteristic processing module determines a first RF power
level of the first incoming communication signal and a second
RF power level of the second incoming communication sig-
nal different from the first RF power level.

12. The transponder module of claim 11, wherein the signal
characteristic processing module determines the first RF
power level and second RF power level based on a root-
means-square algorithm.

13. The transponder module of claim 12, wherein the signal
characteristic processing module includes a directional
antenna configured to sense the first primary direction of the
first incoming communication signal and the second primary
direction of the second incoming communication signal.

14. A method of relaying communication signals via an
intelligent mobile transponder, the method comprising:

receiving from at least one first communication module a

first incoming communication signal having at least one
first signal characteristic received from at least one first
direction;

receiving from at least one second communication module

a second incoming communication signal having at least
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one second signal characteristic received from at least
one second direction that is different from the first direc-
tion;

determining an optimal position with respect to the first

and second directions based on a comparison between
the at least one first signal characteristic and the at least
one second signal characteristic; and

automatically locating the intelligent mobile transponder

to the optimal position to relay the first and second
communication signals to the at least one first second
communication module and the at least one second com-
munication module.

15. The method of claim 14, wherein the first signal char-
acteristic is a first RF power level and the second signal
characteristic is a second RF power level that is less than the
first RF power level.

16. The method of claim 15, further comprising balancing
the RF power levels of the first and second communication
signals with respect to one another in response to locating
intelligent mobile transponder closer to the second commu-
nication module.

17. The method of claim 16, further comprising continu-
ously comparing the first and second RF power levels and
automatically navigating the intelligent mobile transponder
to maintain the optimal position such that the first and second
communication signals remain balanced.

18. The method of claim 17, further comprising determin-
ing a primary direction of the first and second communication
signals with respect to the intelligent mobile transponder.

19. The method of claim 18, wherein the intelligent mobile
transponder is an unmanned vehicle.

20. The method of claim 19, further comprising determin-
ing the RF power levels according to a root-mean-square
algorithm.



